INTRODUCTION
Hepatocellular carcinoma (HCC) is the third most common cause of cancer deaths worldwide, after lung and stomach cancer. 1, 2 More than 75% of all HCC cases occur in the Asia-Pacific region and are associated with chronic hepatitis B virus (HBV) infection, 3, 4 with an increased incidence in the United States and Europe over the last decade. Despite the available treatment options for HCC, the incidence and mortality rates are nearly equal. 5 A minority of patients are diagnosed with resectable HCC, 6, 7 whereas approximately 70% to 85% of HCC patients have locally advanced unresectable or metastatic disease at diagnosis. 1, [6] [7] [8] Up to 70% of patients who undergo potentially curative procedures will have recurrent, advanced-stage disease within 5 years. 9, 10 Thus, effective systemic therapies are needed for the vast majority of patients with HCC.
HCC is a highly vascularized tumor characterized by overexpression of vascular endothelial growth factor (VEGF). 11 Three important proangiogenic factors, VEGF, platelet-derived growth factor (PDGF), and basic fibroblast growth factor, are involved in hepatocarcinogenesis and participate in the neovascularization, invasiveness, and metastatic potential of HCC. 11 Elevated VEGF is associated with poor prognosis and survival as well as recurrent
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12 VEGF receptor 1 and VEGF receptor 2 are expressed on endothelial cells and provide survival signals to nearby tumor cells. 13 PDGF is angiogenic for microvascular sprouting endothelial cells, 14 and overexpression has been linked to the increased metastatic potential of HCC. 15 Given that VEGF and PDGF expression is correlated with metastatic potential of tumor cells and the degree of microvessel density, [15] [16] [17] inhibitors of VEGF and PDGF signaling are frequently applied agents for HCC.
Sorafenib is a multitargeted tyrosine kinase inhibitor that blocks the activity of Raf serine/threonine kinase isoforms, VEGFR-2 and -3, PDGFR ␤, c-KIT, FLT-3, and RET, to inhibit tumor angiogenesis and cell proliferation, [18] [19] [20] and is currently the worldwide standard treatment for advanced HCC based on data from two large randomized trials, both showing an improvement in overall survival (OS) when compared with placebo. [21] [22] [23] Linifanib (ABT-869) is a novel ATP-competitive inhibitor of all VEGF and PDGF receptor tyrosine kinases that lacks significant activity against representative cytosolic tyrosine kinases and serine/threonine kinases. 24 In an open-label, phase II trial, linifanib demonstrated significant clinical activity as monotherapy in patients with advanced HCC. 25 The independently assessed time to progression (TTP; median, 5.4 months) and OS (median, 9.7 months) among the trial population, 89% of whom were of Asian race, compared favorably with the corresponding efficacy outcomes for patients in the phase III sorafenib trial conducted in the Asia-Pacific region. 23 On the basis of these results, we compared efficacy and tolerability of linifanib versus sorafenib in patients with advanced or metastatic HCC who had not received prior systemic therapy. Given the lack of established second-line treatment options in HCC, the primary end point of this study was OS. Secondary end points were TTP and objective response rate (ORR).
PATIENTS AND METHODS

Study Population
Patients ages Ն 18 years with unresectable or metastatic HCC, ChildPugh Class A liver function, Eastern Cooperative Oncology Group (ECOG) performance score (PS) of 0 to 1, adequate hepatic (bilirubin Յ 3.0 mg/dL; ALT/AST Յ 5ϫ upper limit of normal [ULN]; albumin Ն 2.8 g/dL; partial thromboplastin time Յ 1.5ϫ ULN; international normalized ratio Ͻ 1. /L with splenomegaly [per physical examination or reported on radiographic imaging]), and renal (creatinine Յ 1.5ϫ ULN) parameters, no prior systemic treatment for HCC, and a measurable lesion based on RECIST v1.1 26 were eligible. Eligibility criteria also included no prior local therapy (including liver-directed therapy) within 4 weeks before study drug administration and no radionuclide treatment within 6 months (or five half-lives); no evidence of untreated brain or meningeal metastases; no evidence of proteinuria at baseline; no symptomatic or persistent uncontrolled hypertension (Ͼ 140/90 mmHg); and patients could not be receiving therapeutic anticoagulation therapy or antiretroviral therapy for HIV.
Study Design and Treatment
This randomized, open-label phase III study was performed at 186 sites by 207 investigators in 28 countries worldwide. The study was approved by the institutional review board or independent ethics committee of each participating center and complied with the International Conference on Harmonization Good Clinical Practice guidelines and applicable local regulatory requirements. All patients provided written, informed consent.
Patients were randomly assigned in a 1:1 ratio to receive linifanib or sorafenib. Linifanib 17.5 mg was orally self-administered daily with at least 120 mL of water under fasting conditions in the evening. There were no scheduled dosing breaks; dose reductions or drug interruptions owing to study drugrelated toxicities were allowed per discretion of the investigator. Sorafenib 400 mg was orally self-administered twice daily per the locally approved product label or applicable Summary of Product Characteristics.
Study visits were conducted weekly during the first 3 weeks and then on day 1 every 3 weeks thereafter (starting with week 4). Patients with controlled disease and with tolerable adverse effects received treatment until disease progression; unacceptable drug related toxicities; or until they required cancer-related surgery, radiation therapy, or alternate antineoplastic agents. If a dose reduction of linifanib was needed, the dose was decreased by 5 mg for the first reduction followed by 2.5 mg for all subsequent reductions. Sorafenibrelated toxicities were managed according to the approved product label in that country.
Outcomes and Assessments
OS was defined as the number of days from the day the patient received random assignment to the date of the patient's death from any cause. TTP was defined as the number of days from the date of randomization to the date of earliest disease progression. Progression-free survival (PFS) was defined as the number of days from the date of randomization to the date the patient experienced an event of disease progression or death (all causes of mortality) if disease progression was not reached. ORR was defined as the proportion of patients with complete response (CR) or partial response (PR). TTP, PFS, and ORR were all based on RECIST, v1.1.
26 Radiographic tumor assessments were performed at screening, every 6 weeks until week 42, and every 9 weeks thereafter. Treatment emergent adverse events (AEs) were summarized by system organ class and preferred term according to the Medical Dictionary for Regulatory Activities (MedDRA). In addition, AEs of hemorrhage were summarized based on a narrow standardized MedDRA query, excluding clinical laboratory terms. AE severity was graded using the National Cancer Institute Common Terminology Criteria for Adverse Events (version 4.0). When an investigator determined that a patient should discontinue the study, a final visit was conducted. All patients were to have one follow-up visit approximately 30 days after the last dose of linifanib or sorafenib.
Statistical Methods
In our current study, both noninferiority and superiority hypotheses were tested. This design would allow for superiority assessment only if and after noninferiority was achieved. Because no single prior study of linifanib compared safety outcomes versus sorafinib, noninferiority testing was planned in case safety data favored linifanib. Assuming the true hazard ratio (HR) in favor of the linifanib group is 0.80, a total of 667 deaths would be needed for the study to have 80% power at a one-sided ␣ level of 0.025 to detect a statistically significant treatment effect for the linifanib group using the log-rank test for OS. Two interim analyses, one for futility alone and one for both efficacy and futility, were performed and reviewed by an independent data monitoring committee when approximately 200 deaths (30% of the required number of events) and 333 deaths (50% of the required number of events) were observed, respectively. The Lan-DeMets alpha spending function with an O'Brien-Fleming boundary was to be used to ensure that the one-sided false positive rate would be 0.025 or less for OS.
Using a noninferiority test on the primary efficacy end point of OS with a noninferiority margin of 1.0491, the power of the study to declare noninferiority is tabulated in the Data Supplement for the same range of possible HRs (one interim analysis for futility alone and one interim analysis for both efficacy and futility are assumed when approximately 200 and 333 deaths occur, respectively). The power for HRs of 0.80, 0.82, and 0.85 was 93%, 88%, 80%, and 74%, respectively.
The distribution of OS was estimated for each treatment group using Kaplan-Meier methodology. Estimated median survival time and 95% CI for the estimated median survival time were presented for each treatment group. Both noninferiority and superiority hypotheses were tested for the primary efficacy end point of OS using the Cox proportional hazards model with treatment as a factor, stratified by region (outside Asia, Japan, or rest of Asia), ECOG PS (0 v 1), vascular invasion or extrahepatic spread (yes v no), and
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After enrollment was complete, the data were analyzed by the independent data monitoring committee, at which time they recommended stopping the trial based on futility to show superiority (HR for OS, 0.989; 95% CI, 0.821 to 1.192 ; 455 OS events). The investigators were notified and the study was amended for early closure. To allow time to plan subsequent treatment, the remaining active patients (n ϭ 184) continued on study drug per investigator discretion. The results presented are based on the final analysis as conducted per protocol at 667 OS events. The data cutoff was on May 31, 2012.
RESULTS
Study Conduct, Patients, and Treatment Administration
We randomly assigned 1,035 patients to receive linifanib 17.5 mg once daily (n ϭ 514) or sorafenib 400 mg twice per day (n ϭ 521). The efficacy population comprised all 1,035 patients (Fig 1) . Six patients did not receive study medication and the remaining 1,029 patients (linifanib, n ϭ 510; sorafenib, n ϭ 519) received at least one dose of study medication and made up the safety analysis population (Fig 1) . The treatment arms were well balanced for demographic, disease, prior treatment characteristics and stratification subgroups (Table 1) . Overall, most patients were male (84.6%), Asian (66.6%), had HBV infection (53.2%), Child-Pugh Class A liver function (94.4%), ECOG PS 0 (64.4%), and Barcelona Clinic Liver Cancer stage C HCC (82.3%).
Patients' mean duration of exposure to linifanib and sorafenib was 127.2 days (range, 2 to 775 days) and 127.8 days (range, 3 to 729 days), respectively (Appendix Table A1 [online only]). No statistically significant differences in duration of exposure were observed between treatment groups. Patients' mean daily dose was 13.7 mg for the linifanib arm (standard deviation, 4.42 mg) and 667.1 mg for the sorafenib arm (standard deviation, 164.36 mg). The mean linifanib dose-intensity was 78.2% and the mean sorafenib dose-intensity was 83.4%, which was significantly higher (P Ͻ .001). Of patients receiving linifanib or sorafenib, 55.9% and 40.8%, respectively, had a dose reduction. The most common reasons for study drug discontinuation were disease progression (linifanib arm, 68.6%; sorafenib arm 62.0%) and AEs not related to progressive disease (linifanib arm, 15.2%; sorafenib arm, 22.9%; Fig 1) .
Efficacy
Median OS was 9.1 months (95% CI, 8.1 to 10.2) for patients receiving linifanib and 9.8 months (95% CI, 8.3 to 11.0) for patients receiving sorafenib (Fig 2) . Compared with the sorafenib group, the median stratified HR was 1.046 (95% CI, 0.896 to 1.221) for the linifanib group (Fig 2) . OS was not superior with linifanib treatment. Furthermore, the HR 95% CI upper limit of 1.221 did not meet the prespecified study definition of linifanib noninferiority (upper limit of HR 95% CI Ͻ 1.0491). We conducted analyses of OS by prespecified stratification subgroups (region: outside Asia, Japan, or rest of Asia; baseline ECOG PS: 0 v 1; vascular invasion or extrahepatic spread: yes v no; and HBV infection: yes v no). For all prespecified subgroups, the OS HRs ranged from 0.793 to 1.119 and the 95% CI contained 1.0 (Fig  3) . Therefore, OS was similar across all prespecified subgroups. Overall death rates were similar between the linifanib group (66.5%) and sorafenib group (65.3%). Abbreviations: BCLC, Barcelona Clinic Liver Cancer; CRF, case report form; ECOG, Eastern Cooperative Oncology Group; HBV, hepatitis B virus; HCV, hepatitis C virus; IVRS, interactive voice response system; ULN, upper limit of normal.
‫ء‬
Patients with multiple hepatic histories were counted for each type of hepatic history. †Per electronic CRF. ‡Child-Pugh class was determined from assessments most proximal to the beginning of treatment. Per protocol, patients were Child-Pugh class A before randomization.
§Percentages calculated on nonmissing values. Data from IVRS, which were used for stratification. Other stratification factors from IVRS are shown in Figure 3 .
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Median TTP was 5.4 months for patients receiving linifanib (95% CI, 4.2 to 5.6) and 4.0 months for patients receiving sorafenib (95% CI, 2.8 to 4.2; Fig 4) . Compared with the sorafenib group, the stratified HR was 0.759 for the linifanib group (95% CI, 0.643 to 0.895), which was statistically significant (P ϭ .001). The TTP advantage for linifanib was maintained until approximately 400 days of treatment; however, once the number of at-risk patients was reduced to fewer than 30 in each arm, the estimated probability of progression favored the sorafenib arm for the remaining patients. Median PFS was 4.2 months for patients receiving linifanib (95% CI, 4.1 to 5.4) and 2.9 months for patients receiving sorafenib (95% CI, 2.8 to 4.0). Compared with the sorafenib arm, the stratified HR was 0.813 for the linifanib arm (95% CI, 0.697 to 0.948), which was statistically significant (P ϭ .008). For TTP in prespecified subgroups, the upper limit of the 95% CI of the HR for linifanib versus sorafenib was less than 1.0 in patients in Asia (excluding Japan) who had a baseline ECOG PS of 0 and HBV infection (Appendix Fig A1 [online only] ). Therefore, TTP seemed to be significantly more favorable with linifanib than with sorafenib in these three prespecified subgroups; TTP was similar with either treatment in the other subgroups.
A total of 67 patients receiving linifanib (13.0%) and 36 patients receiving sorafenib (6.9%) had a CR or PR per RECIST, v1.1 (Table 2) . A total of 52 patients receiving linifanib (10.1%) and 32 patients receiving sorafenib (6.1%) had a confirmed ORR (CR or PR), which was significantly different between treatment groups (P ϭ .018) ( Table 2) .
Safety
The overall safety summary and specific grade 3/4 AEs occurring in more than 3% of patients in either treatment arm are listed in Table  3 . Grade 3/4 AEs; serious AEs; and AEs leading to discontinuation, dose interruption, or reduction were more frequent on the linifanib arm versus the sorafenib arm (all P Ͻ .001). Of the patients receiving sorafenib, 75.0% experienced a grade 3 AE or higher; of the patients receiving linifanib 85.3% did so. Grade 3/4 AEs that were observed more frequently on the linifanib arm than the sorafenib arm (P Ͻ .05) were hypertension (20.8% v 10.6%), fatigue (9.6% v 4.8%), hepatic encephalopathy (7.3% v 3.3%), asthenia (7.1% v 2.1%), ascites (6.1% v 3.3%), thrombocytopenia (5.3% v 2.1%), hypokalemia (4.7% v 2.3%), vomiting (4.3% v 0.8%), and hypoglycemia (3.1% v 0.8%). The only grade 3/4 AE observed more frequently on the sorafenib arm than the linifanib arm (P Ͻ .05) was increased ALT (4.8% v 2.2%). On the linifanib arm, 52.4% of patients experienced a serious AE and 36.3% of patients experienced an AE that led to discontinuation of study drug. On the sorafenib arm, 38.5% of patients experienced a serious AE and 25.4% of patients experienced an AE that led to discontinuation of study drug. An AE of hemorrhage (all-grade bleeding event) was experienced by 27.3% of patients receiving linifanib and 17.7% of patients receiving sorafenib, the most common of which were epistaxis and gingival bleeding.
DISCUSSION
Our phase III trial, comparing the efficacy of oral linifanib to that of sorafenib, failed to meet the primary end point: OS was not significantly different between the two treatments. Median OS was 9.1 months for linifanib (95% CI, 8.1 to 10.2) and 9.8 months for sorafenib (95% CI, 8.3 to 11.0). OS was similar across all prespecified subgroup analyses (region: outside Asia, Japan, or rest of Asia; baseline ECOG PS: 0 v 1; vascular invasion or extrahepatic spread: yes v no; and HBV infection: yes v no).
To date, sorafenib is the only approved systemic drug therapy for patients with advanced HCC. Based on the increasing knowledge of the large number of molecular pathways involved in HCC, numerous targets specific and/or broad spectrum tyrosine kinase inhibitors have been developed and tested in first-and second-line therapy. So far, the results have been, at best, somewhat disappointing. The phase III trial of sunitinib versus sorafenib was terminated early owing to safety and lack of efficacy (median OS, 7.9 v 10.2 months; HR, 1.30). 27 The phase III trial of brivanib versus sorafenib also did not meet its primary end point of noninferiority in OS. 28 In addition, brivanib also failed to improve OS when compared with placebo in second-line HCC treatment. 29 Adding other tyrosine kinase inhibitors to sorafenib also failed, so far, to improve clinical outcomes; an example of this were the results of a study that explored adding erlotinib to sorafenib (median OS, 9.5 v 8.5 months; HR, 0.929). 30 Whether tyrosine kinase inhibitors targeting the MET signal transduction pathway will improve outcome for patients with advanced HCC is currently being investigated in second-line treatment studies. 31 The secondary objectives of our study were to assess the TTP and ORR of linifanib compared with sorafenib. Patients receiving linifanib had a significantly longer TTP than patients receiving sorafenib (P ϭ .001). ORR was also significantly higher on linifanib compared with sorafenib (P ϭ .018). The response rates according to RECIST v1.1 for linifanib (13.0%) and sorafenib (6.9%) each compare favorably to previous phase III trials of sorafenib in advanced HCC patients. 21, 23 Unfortunately, the improvements in TTP, PFS, and ORR did not translate to improvements in OS, a finding that has been reported with another antiangiogenic agent in the treatment of HCC. 29 TTP was chosen as a key secondary end point to determine the effect of linifanib ‫ء‬ on tumor progression. The link between tumor progression and survival in HCC may be complicated because of the competing risk of death as a result of liver dysfunction. 29 A greater portion of patients receiving linifanib than those receiving sorafenib experienced AEs that were grade Ն 3; serious; or led to the reduction, interruption, or discontinuation of the study drug. The most frequent grade 3/4 AEs were hypertension and palmar-plantar erythrodysesthesia syndrome. The AEs reported in our study are similar to those seen in other studies of linifanib and with other agents in the VEGF/PDGF receptor tyrosine kinase inhibitor class. 23, 27, 29 In summary, linifanib and sorafenib resulted in similar OS in advanced HCC. Predefined superiority and noninferiority OS boundaries were not met for linifanib, and the study failed to meet the primary end point. TTP and ORR favored linifanib whereas safety results favored sorafenib. 
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